Abstract. At around 19:30 UT on 17 April 2002, an undulative motion of the plasmapause was observed by the Extreme Ultra Violet (EUV) camera on board the IMAGE satellite. The motion expanded westward into the duskside and at the same time a ring current pressure increase was observed by the High Energy Neutral Atom (HENA) imager on board IMAGE was observed. The pressure increase was due to a substorm injection with a localized auroral onset at 19:05 UT. We show that it is likely that the motion of the plasmapause was caused by an electric field set up in the sub-auroral, duskside ionosphere, by the closure of the Region-2 currents, poleward to Region-1 as originally proposed by Anderson et al. [1993] . We further discuss the cause of the westward propagation of the motion of the plasmapause, and suggest that it may be caused by the westward expansion of the aurora.
Introduction
The electric field of the inner magnetosphere determines to a significant extent the dynamics of ions around and below ring current energies. Observations of the global ring current during storms by the High Energy Neutral Atom (HENA) imager onboard IMAGE [Burch, 2000] have revealed an eastward rotation of the peak of the ring current for many storms [C: son Brandt et al., 2002b] . It is clear from these observations that the electric field of the inner magnetosphere is not just a superposition of the dawn-to-dusk electric field and the corotational electric field, which have come to be the classical picture. Already Wolf [1970] found that the electric field of the inner magnetosphere is a product of the self-consistent closure of the current systems through the ionosphere. During enhanced convection, the electric potential pattern is rotated eastward and there are regions of enhanced and decreased electric fields, as compared to the classical picture. All these deviations from the classical picture are an effect of the coupling between the magnetosphere and ionosphere. In order to understand the cause and effect of the coupling processes, we need to study the global response of the magnetosphereionosphere system.
In this paper we study a region of enhanced electric field in the evening side magnetosphere/ionosphere, that occurs during enhanced convection. The phenomenon has been known to the ionospheric community for quite some time [Foster , 1993; Foster and Rich, 1998 ] and has been termed the Sub-Auroral Polarization Stream (SAPS) [Foster and Burke, 2002] . It manifests itself as fast (>1000 m/s), sunward, ionospheric drifts at sub-auroral latitudes. This implies that there is a strong (∼60 mV/m at ionospheric heights) poleward electric field in the same region. Anderson et al. [1993] suggested a production mechanism for the SAPS, which is in agreement with both models and observations. Figure 1 illustrates this mechanism. Enhance pressure gradients in the ring current region leads to an enhanced downward Region-2 field-aligned current (FAC) in the duskside, sub-auroral ionosphere. Here, the Pedersen conductance dominates over the Hall conductance, so the Region-2 current closes poleward to the Region-1 current system. The conductance in the sub-auroral region is much lower than in the auroral region, which means that even a modest ionospheric closure current flowing across this low-conductance gap, will produce a large potential drop, or, strong poleward electric field. This will translate to a radially outward electric field in the equatorial magnetosphere around the inner edge of the ring current (outer edge of the plasmasphere).
It was not until the Extreme Ultraviolet (EUV) [Sandel et al., 2000] camera onboard IMAGE returned global images of the plasmasphere that the effects of the electric field on the inner magnetosphere could be appreciated on a global scale. Since the dynamics of the plasmasphere is solely governed by electric fields, tracking the motion of the plasmasphere constitutes a powerful tool to retrieve information about the electric field [Goldstein et al., 2003b] . Global enhancements of the convection electric field as well as local enhancements of the SAPS electric field modify the dynamics of the plasmapause. Goldstein et al. [2003a] showed that the motion of the duskside plasmapause required a SAPS-like electric field in addition to the convection electric field to be consistent with observations.
At 19:00-20:00 UT on 17 April 2002, a peculiar motion of the plasmapause was caught by IMAGE/EUV. The motion was consistent with a localized onset of a SAPS-like electric field that expanded in local time. All instruments on the IMAGE satellite was operating during this event, which allows us to study what controls the evolution of the SAPS-electric field.
First we present the observations of the plasmasphere for this event. Second, we describe the ring current oservations by HENA and how electrical currents can be derived. Third, we discuss how the electric field relates to the pressure-driven FAC and ionospheric conductance, inferred from auroral Far-Ultraviolet (FUV) observations. Figure 2 shows the observations from the EUV camera. The images show the EUV images projected onto the equatorial plane with the outer dashed line at geosynchronous. The EUV camera consists of three heads, and during this observation the middle head suffered from sunlight contamination. The plasmapause has been traced manually and is marked with a solid line in each image. The dashed lines are the plasmapause locations for each previous image. The image sequence shown tries to capture the undulative motion D Figure 1 . Illustration of the production mechanism of the Sub-Auroral Polarization electric field as proposed by Anderson et al. [1993] . The duskside Region-2 FAC is driven by pressure gradients in the ring current. The Region-2 FAC closes through Pedersen currents in the ionosphere through the sub-auroral ionosphere, poleward to the Region-1 current system. Since the poleward currents flow through a region with low conductance, the induced poleward electric field can be significant. of the plasmapause. The first image at around 19:05 UT shows the original plasmapause position. At 19:36 UT a slight indentation can be seen around midnight and an interesting anti-sunward motion of the plasmapause can be seen, which may be related to the sudden increase of ring current pressure and inflation of the magnetic field. This pecularity will not be discussed here. At 19:56 UT we can see how the plasmpause is indented at earlier local times, and, at 20:58 UT the indentation is at even earlier local times. So, since it is only an electric field that can modify the shape of the plasmapause on these timescales, this suggests that a localized, radially outward electric field was initiated in the pre-midnight sector, and then gradually propagated or expanded westward. Careful inspection of detailed EUV image sequences gives 19:26 UT as the time of when the initial motion first could be detected??? MORE HERE ONCE I GET JERRY'S FIG.
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Solar wind conditions
The interplanetary magnetic field (IMF) had been fluctuating most of the day of 17 April, but became more southward around 16:00 UT. For our period of interest, the GSE z-component of the IMF increased from southward -20 nT, to a couple of nT's (positive) at around 19:00 UT. This means that a modest ring current pressure was in place before our event. At or shortly after 19:00 UT the IMF B z decreased to about -14 nT. At the same time (∼19:05 UT) a substorm onset could easily be seen in the FUV images onboard IMAGE. The IMF B z increased gradually after this, reaching about -2 nT around 22:00 UT. This means that we can expect a strong increase in ring current pressure after 19:00 UT. Figure 3 shows the global ring current observations by HENA at the same times as for the EUV images in Figure 2 . The upper panel shows the hydrogen ENA images in the 10-60 keV range. These images are projected in an equidistant azimuthal projection extending 100
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• ×100
• . This projection is almost identical to how a human eye would see it. Two set of dipole field lines, L=4 and 8, are drawn at noon, dawn, midnight and dusk, marked with the local time. The limb of the Earth is represented by the circle in the center of each image and the terminator line is drawn across it. Note that there is a sharp,and artificial, cut-off in ENA flux a couple of ten degrees in on the dayside. This is caused by the shutter on the HENA imager that protects the detectors from direct sunlight. It blocks out the ENA fluxes coming from the dayside in this particular orbit geometry, but leaves the nightside complete. We can note that later in the orbit the coverage becomes gradually more complete of the dayside.
The lower panel Figure 3 shows the proton distribution in the equatorial plane, obtained by applying a constrained linear inversion technique to the above images. The proton pressure has been derived for 10-81 keV energy range, using images with a 10-minute integration time. The inversion technique has been described in detail by DeMajistre et al. [2004] and the results have been validated against Cluster in-situ in data in the 27-39 keV range [Vallat et al., 2004] .
At 19:04 UT there was already a modest (partial) ring current in place, and at 19:37 UT we note a significant increase in ENA flux and corresponding increase in the nightside proton pressure. From careful inspection of the ENA images and inversion results the increase started around 19:20 UT and was most likely the result of the substorm injection that had its auroral onset at around 19:05 UT. C:son Brandt et al. [2002a] and Mende et al. [2002] shown that the ring current fluxes increase about 10-20 min after the auroral onset.
At 19:57 UT the fluxes (and pressure) remains unchanged at large, which is probably due to the continuous convection still maintained by the significantly southward component of the IMF. At 20:58 UT we can note that the injected proton population has drifted slightly westward, which is expected keeping in mind that the IMF B Z is gradually increasing during this time, and so we can expect a gradually decreasing convection electric field, which is expected to make the ring current morphology more symmetric.
Pressure-driven currents
The ring current connects to the ionosphere via the Region-2 current system. This system can be viewed as the three dimensional current system driven by the ring current and plasmasheet pressure distribution. For a typical ring current configuration during enhanced convection as we observe here, the currents follow the isopressure contours in the equatorial plane and there are no FAC in the equatorial plane. Further off from the equatorial plane, the field-aligned component of the currents increases and horse-shoe like current lines connect the magnetospheric current to the ionospheric currents. The pressure-driven FACs flow up from the dawn side ionosphere, connect at lower latitudes with the outer edge of the ring current pressure, and then flows back into the ionosphere on the duskside.
Ionospheric FACs
In order to quantitatively relate the ring current pressure distribution to ionospheric phenomena, it would be essential to be able to compute, at least a part, of the 3D current system from the pressure distributions.
With the global ring current observations at hand we have an unprecedented opportunity to perform this calculation. Although this calculation is still in its early development, it will be a good measure of the temporal development of the current intensity with a time resolution of about ten minutes.
The following method was developed by Roelof [1989] and applied to HENA data by Roelof et al. [2004] and C:son . Below follows a brief description. Once a pressure distribution is obtained, one may compute the 3D current system by solving the force balance equation below.
Here J is the current density vector, B is the vector magnetic flux density, which we assume to be dipolar in this case. Preliminary results using a more realistic magnetic field model will soon be available. The general pressure tensor is denoted P, but in this case we will assume it to be isotropic and therefore a scalar P . Roelof [1989] realized that if one assumes that the current can be expressed in terms of the following Euler potentials,
then it turns out that the Euler potential P will simply be the scalar pressure and the potential Q will express the flux-tube volume for a unit magnetic flux, or,
where the integral is taken along the magnetic field line. Figure 4a shows the FAC patterned obtained from the magnetometer data on board the Iridium satellites [Anderson et al., 2000] . Red is upgoing (positive) FAC density, and blue is downgoing (negative) FAC density. The magnetic latitude is marked and noon is to the left. The pattern was obtained during a 30 min integration during 19:30-20:00 UT. The Region-2 FACs are below approximately 60
• latitude and are upgoing (red) on the dawnside and downgoing (blue) on the duskside. Figure 4b shows the result the above calculation using the derived HENA pressures. For this we assumed a dipole field and isotropic pressure. A dipole L-shell of 6 maps to about 65
• invariant latitude and we easily see that the HENA-derived FACs are at too high latitudes compared to the Iridium FACs. This is an effect of the dipole approximation used and an implementation of a more realistic magnetic field is being tested during the writing of this paper. The HENA-derived FACs also underestimate the FAC density by about a factor of 5-10, which is an effect of the dipole approximation as well as the lack of complete energy and mass coverage of the ion population that contributes to the plasma pressure. Nevertheless, the HENA-derived FAC should provide a proxy for the true FAC, with a much higher time resolution than Iridium currently can provide.
6. Relation between plasmapause motion, ionospheric electric field, current and conductance
From Figure 2 we know that the indentation of the plasmapause starts around 19:26 UT and then expands westward in local time. In order to compare to the temporal evolution of the Region-2 FAC we have integrated the HENA-derived FACs over the duskside, northern, ionosphere below 65
• magnetic latitude. The result is shown in Figure 5 . 65
• latitude corresponds to about dipole L-shell of 6, beyond which the uncertainties in the proton pressure retrieved from the HENA images becomes larger. We see from Figure 5 that there is a sharp increase of the HENA-derived FAC intensity at 19:18 UT. This temporal sequence is consistent with the mechanism proposed by Anderson et al. [1993] . At this point, the question is what governs the undulative motion as seen in Figure 2 . Since it is most likely an electric field enhancement that propagates in local time at the plasmapause, we can assume that the same must be true for the electric field pattern at ionospheric heights. There are two factors that govern the electric field in the ionosphere: ionospheric conductance and the FAC entering and exiting the ionosphere. This is expressed by the following equation
where Σ is the height integrated conductance tensor, Φ is the electric potential, and J || is the scalar FAC perpendicular to the ionosphere. The morphology and dynamics of the ionospheric electric field therefore depend on these two factors. A propagating electric field can therefore be explained in terms of a propagating conductance pattern and/or FAC pattern. In the simplest example, consider a uni- . The FAC intensity derived from HENA measurements, integrated over the duskside ionosphere below 65
• magnetic latitude. The dashed line marks the sharp increase of FAC intensity.
form, downward Region-2 FAC and an isolated region of high conductance at higher latitudes. Since any current closes in such a way to minimize the resistance along its path, the resulting ionospheric current in this case will flow from the footprint of the Region-2 FAC towards the isolated region of conductance. Now, if the region of conductance expands or propagates in local time, the ionospheric current flowing poleward to the conductance region will also expand/propagate in the same direction.
An approximate estimate of the conductance can be obtained through the Robinson formula [Robinson et al., 1988] using the mean energy and energy flux of the aurora. In this paper we will not estimate the conductance but assume that the conductance is proportional to the intensity of the aurora as measured by the Wideband Imaging Camera (WIC) in the IMAGE/FUV experiment . Figure 6 shows for similar plots of the northern ionosphere including the FAC pattern, colorcoded as in Figure 4 , and the FUV/WIC countrate contours in logarithmic scale are overplotted. The FAC pattern was obtained with a 30 min resolution at 19:00, 19:30, 20:00, and 21:00 UT. The FUV/WIC contours were obtained with a 2 min integration time, and a dayglow subtraction has been applied. The contour of the 10 3.6 s −1 is marked in yellow. We see that the auroral onset starts out around midnight in a localized region and then spreads westward towards the duskside. The downward FACs obtained by Iridium on the duskside are equatorward of the enhanced auroral emissions. There are also some variations in the intensity, but due to the limited time resolution, we cannot make any quantitative conclusions about this measurement. Figure 6 . The colorcoded pattern is the FACs obtained by Iridium with a 30 min resolution in a similar format to Figure 4 . The overplotted contours show the logarithmic countrates of the FUV/WIC and is a representation of the ionospheric conductance. Note how the contour of maximum countrate (yellow contour) expands westward into the duskside. This is consistent with the motion of the plasmapause.
Summary
